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(57)Abstract: 

PROBLEM TO BE SOLVED: To promote mixing of residual gas 
in a cylinder with new air, obtain good combustion even at large 
EGR time, so that NOx and PM can be further reduced, in 
internal EGR control considered effective for simultaneously 
reducing NOx and PM emitted from a Diesel engine. 
SOLUTION: In an ECU 50, an exhaust valve 12 is closed earlier 
that TDC by an amount in accordance with an operating 
condition of a Diesel engine, and an intake valve 1 1 is opened 
later than a crank angle or more early closed by the exhaust 
valve 12 relating to the TDC. The exhaust valve 12 is closed 
earlier than this TDC with burned gas left in a cylinder, but by 
opening the intake valve 1 1 later than this early closed crank 
angle or more, the intake valve is opened from a condition that 
a negative pressure is temporarily generated in the cylinder, 
hear new air is allowed to rapidly flow in. In this way, mixing of 
the burned gas in the new air is accelerated. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The adjustable valve timing device in which the clausilium timing of the exhaust valve prepared 
in the diesel power plant and the valve-opening timing of an inlet valve are adjusted, An operational status 
detection means to detect the operational status of a diesel power plant, and said adjustable valve timing 
device are controlled. The exhaust valve clausilium control means to which only the amount according to 
the operational status of the diesel power plant by said operational status detection means closes said 
exhaust valve at an early stage rather than the top dead center of a diesel power plant, The control unit of the 
diesel power plant characterized by having controlled said adjustable valve timing device and having an 
inhalation-of-air valve-opening valve-control means to open said inlet valve late beyond the crank angle of 
said exhaust valve by said exhaust valve clausilium control means that already closes and is carried out, to 
the top dead center of a diesel power plant. 

[Claim 2] Said engine is the control unit of the diesel power plant according to claim 1 which is a direct 
injection diesel power plant which injects a fuel in the open combustion chamber formed between the 
cylinder head and a piston crowning. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of the diesel power plant equipped with the 
system called the so-called internal EGR which does not introduce exhaust gas into an inhalation-of-air 
system with a conduit from the exhaust air system of a diesel power plant, but introduces the burnt gas of a 
combustion chamber into an inhalation-of-air system. 
[0002] 

[Description of the Prior Art] It sets to a diesel power plant and is NOx. Although there is exhaust gas 
recirculation (EGR) which takes out a part of exhaust gas from an exhaust air system, and carries out 
recycling to an inhalation-of-air system in order to aim at reduction, the so-called internal-EGR system 
which introduces the burnt gas (residual gas) of a combustion chamber into an inhalation-of-air system is 
indicated in JP,5-80562,B. Temperature is raised by being the technique which controls the amount of 
internals EGR, reducing discharge of exhaust air by increasing the overlap of exhaust air and inhalation of 
air according to engine operational status, and making the amount of burnt gases which remains increase, 
and "the exhaust valve control device of a diesel power plant" of the official report concerned is NOx by the 
effectiveness of EGR. It aims at reducing PM (particulate) to coincidence. 

[0003] Generally, since gas temperature can be maintained also in the same amount of EGR gas compared 
with the conventional method (method which carries out recycling from an exhaust air system to an 
inhalation-of-air system with a conduit) while it has been high, internal EGR is NOx. The PM (part for SOF) 
reduction effectiveness in low loading is in the reduction effectiveness and coincidence. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when this technique is used, inhalation is finished and 
a piston arrives at a compression edge in order that mixing with new mind and a burnt gas may not progress, 
EGR gas remains on a base mostly and the EGR gas within a cylinder (inside of a cavity) and the mixed 
state of new mind are making the shape of a layer that new mind stops at a top face. This phenomenon is 
described also in "the flow analysis in an unsteady cylinder of the before [ a corporation Society of 
Automotive Engineers of Japan academic lecture meeting ] ** collection 966 1996-10, and pp.189 -192 
(No. 214) diesel power plant." Therefore, when the amount of internal EGR is increased by such method, it 
becomes hypoxia locally, combustion gets worse, and the increase of the unevenness of the gas in a cylinder 
in a compression edge and the problem that PM will increase arise. 

[0005] Then, the purpose of this invention is NOx discharged from a diesel power plant. In order to carry 
out coincidence reduction of the PM (particulate), in the internal-EGR control confirmed, mixing with the 
residual gas in a cylinder and new mind is promoted, and good combustion is obtained at the time of 
extensive EGR, and it is much more NOx. And it is in offering the control unit of the diesel power plant 
which enables reduction of PM. 
[0006] 

[Means for Solving the Problem] The control device of a diesel power plant according to claim 1 is 
characterized by to have controlled the adjustable valve timing device, to have controlled the exhaust valve 
clausilium control means to which only the amount according to the operational status of the diesel power 
plant by the operational status detection means closes an exhaust valve at an early stage rather than the top 
dead center of a diesel power plant, and the adjustable valve timing device, and to have an inhalation-of-air 
valve-opening valve-control means to open an inlet valve late beyond the crank angle of the exhaust valve 
by the exhaust valve clausilium control means that already closes and is carried out, to the top dead center of 
a diesel power plant. 
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[0007] And an exhaust valve clausilium control means controls an adjustable valve timing device, and only 
the amount according to the operational status of the diesel power plant by the operational status detection 
means closes an exhaust valve at an early stage rather than the top dead center of a diesel power plant. 
Therefore, an exhaust valve already closes, is carried out and a burnt gas remains in a cylinder. 
[0008] An inhalation-of-air valve-opening valve-control means controls an adjustable valve timing device, 
and opens an inlet valve late to the top dead center of a diesel power plant beyond the crank angle of the 
exhaust valve by the exhaust valve clausilium control means that already closes and is carried out. 
[0009] Therefore, since an inlet valve does not open unless it becomes late in a charging stroke beyond the 
crank angle of an exhaust valve that already closes and is carried out, the inside of a cylinder is temporarily 
made into negative pressure. An inlet valve is opened from this condition and new mind flows rapidly at this 
time. Thereby, mixing of a burnt gas and new mind is promoted. 

[0010] Consequently, even when EGR is performed in large quantities, mixing with a burnt gas and new 
mind can be promoted, and thereby, it is NOx much more. Reduction of PM can be aimed at. The 
effectiveness is large when it applies to the direct injection diesel power plant which injects a fuel in the 
open combustion chamber formed between the cylinder head and a piston crowning like the control unit of a 
diesel power plant according to claim 2 especially. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of the operation which materialized this invention is 
explained according to a drawing. The gestalt of this operation can materialize this invention to a 4-cylinder 
diesel power plant, can be equipped with the bulb drive (cam loess type bulb drive) which carries out the 
closing motion drive of an engine inlet valve and an engine exhaust valve with an actuator as the main 
configuration, and can adjust now the drive stage (valve timing) of an inlet valve and an exhaust valve to 
adjustable. 

[0012] It is the so-called direct injection diesel power plant which injects the fuel by the fuel injection 
nozzle as a gestalt of a diesel power plant in the open combustion chamber formed between the cylinder 
head and a piston crowning, and has every (a total of four pieces) two bulbs respectively in an inspired air 
flow path and an exhaust side. 

[0013] Below, the detail is explained. Drawing 1 is the block diagram showing the outline of the engine 
cross section in the gestalt of this operation, and an engine control system. In drawing 1 , the cylinder-like 
cylinder 3 is formed in the cylinder block 2 of an engine 1 , and the piston 4 connected with the crankshaft 
which is not illustrated is arranged in the vertical direction of drawing possible [ reciprocation ] in this 
cylinder 3. That is, a piston 4 is connected with a connecting rod (illustration abbreviation), and 
reciprocates. The concave cavity 5 is formed in the top face of a piston 4. Moreover, the suction port 8 and 
the exhaust air port 9 which are open for free passage to the combustion chamber 7 of the piston upper part 
are formed in the cylinder head 6. The fuel injection nozzle 10 is arranged in the center of the cylinder head 
6, and the tip (nozzle) is exposed in a combustion chamber 7. 

[0014] Furthermore, the inlet valve 1 1 and the exhaust valve 12 are arranged, it follows on the switching 
action of these valves 1 1 and 12, and between a combustion chamber 7 and ports 8 and 9 is opened for free 
passage or blockaded by the cylinder head 6 (it is intermittent). Both the combustion chambers 7 will be in 
an abbreviation sealing condition, when clausilium of an inlet valve 1 1 and the exhaust valve 12 is carried 
out. 

[0015] Each valves 1 1 and 12 are driven with the bulb drive 20 formed above the cylinder head 6. That is, 
each valves 1 1 and 1 2 have come to be able to carry out a closing motion valve with the bulb drive 20 at the 
stage of arbitration. The bulb drive 20 is driven based on the control signal from an electronic control 
(henceforth ECU) 50. CPU50a to which ECU50 will perform various kinds of control programs if it 
sketches, And it is what is constituted centering on the microcomputer of the common knowledge which has 
memory 50b (ROM, RAM, etc.) which memorizes control data, a map, etc. The water temperature signal 
(Tw) detected with the coolant temperature sensor 51, the crank angle signal (Ne) detected by the crank 
angle sensor 52, the accelerator opening signal (Ac) detected by the accelerator opening sensor 53, the 
atmospheric pressure signal (Pair) detected by the atmospheric pressure sensor 54 are inputted. And based 
on these input signals, the closing motion stage of the inlet valve 1 1 by the bulb drive 20 and an exhaust 
valve 12 is controlled. That is, ECU50 determines valve timing from the map data in memory 50b, and 
carries out drive control of the bulb drive adjustable device 20. 

[0016] Next, the configuration of the periphery is explained to bulb drive 20 list using drawing 2 . However, 
drawing 2 shows only the configuration of an inspired air flow path, and shows the inlet valve 1 1 of a Uichi 
Hidari pair in this drawing. 
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[0017] In drawing 2 , a spring retainer 13 is attached in the upper limit of an inlet valve 11, and the valve 
spring 14 for energizing an inlet valve 1 1 in the direction of clausilium (above [ of drawing ]) is arranged 
between this spring retainer 13 and the cylinder head 6. The inlet valve 1 1 of a Uichi Hidari pair is 
connected by the bulb bridge 15 really possible [ actuation ]. The plunger 16 which reciprocates in the 
vertical direction of drawing is connected with the top face of the bulb bridge 15, when this plunger 16 
carries out downward moving, an inlet valve 1 1 opens (condition of illustration) and an inlet valve 1 1 closes 
the valve by upper-* *(ing). Actuation of a plunger 16 is later mentioned about the detail, although 
controlled according to the oil pressure (actuation oil pressure of the bulb drive 20) of the oil pressure room 
17 formed in the top face. In addition, a sign 18 is an adjusting screw for tuning the active position of an 
inlet valve 1 1 finely. 

[001 8] On the other hand in the bulb drive 20, the circular pore 22 prolonged in the longitudinal direction of 
drawing is formed in the housing 21 fixed to a part of cylinder head 6, and the spool mold directional 
control valve (henceforth a directional control valve) 23 is arranged in this pore 22. A directional control 
valve 23 is divided roughly, it consists of a cylinder-like sleeve 24 and spool 25 which slides on the inside 
of this sleeve 24 at the longitudinal direction of drawing, and the sleeve 24 is being fixed with the lid 26 
screwed on near the opening of the circular pore 22. The oil pressure ports 27a, 27b, and 27c are annularly 
formed by the peripheral face of a sleeve 24, and are opening these oil pressure ports 27a, 27b, and 27c for 
free passage to sleeve inner skin at it through the free passage ways 28a, 28b, and 28c established in the 
part, respectively. [ two or more ] 

[0019] Moreover, the inhalation port 29 for inhaling the high-pressure oil with which it is fed from a 
hydraulic pump 41 to a directional control valve 23, and the discharge port 30 for discharging a high- 
pressure oil from a directional control valve 23 to a drain tank 42 are established in housing 21 . Here, a 
hydraulic pump 41 pumps up hydraulic oil from a drain tank 42, high-pressure-izes it to about 12 MPa(s), 
and a directional control valve 23 is fed with it. In addition, the inhalation port 29 is opened for free passage 
by said oil pressure port 27a through a path 3 1 , and the discharge port 30 is opened for free passage by said 
oil pressure port 27c through the path 32. Moreover, said oil pressure room 17 is opened for free passage by 
said oil pressure port 27b through the path 33. 

[0020] The housing room 34 is formed in the housing 21 interior, and the piston 35 which slides on the inner 
skin is arranged in this housing room 34. In the piston 35, the piezo stack 36 elongated with impression of 
an electrical potential difference is arranged. This piezo stack 36 carries out the laminating of much PZT(s) 
(titanic-acid lead zirconate) as a piezoelectric device, it is constituted, and the electrodes 37a and 37b of a 
pair are attached in that end. Based on the control command from ECU50, a predetermined electrical 
potential difference is impressed to Electrodes 37a and 37b through a driver 55. On the other hand, the disk 
spring 38 arranged in the left-hand side of a piston 35 has given the force of the contraction direction to the 
piezo stack 36. In addition, drawing 2 shows the condition of having impressed the electrical potential 
difference to the piezo stack 36, and shows the condition that this piezo stack 36 developed and the piston 
35 moved leftward [ of drawing ]. 

[0021] Next, actuation of the bulb drive 20 is explained according to drawing 3 . Here, drawing 3 (a) shows 
the condition of having impressed the electrical potential difference to the piezo stack 36. That is, if an 
electrical potential difference is impressed, the piezo stack 36 develops, a piston 35 will resist the spring 
force of a disk spring 38, and will move leftward [ of drawing ], and, thereby, spool 25 will be pushed in 
leftward. At this time, the high-pressure oil inhaled in the inhalation port 29 circulates like the broken-line 
arrow head in drawing, and is supplied in the oil pressure room 17, and an inlet valve 1 1 will be in a valve- 
opening condition. 

[0022] Moreover, drawing 3 (b) shows the condition of not impressing the electrical potential difference to 
the piezo stack 36. That is, where the electrical-potential-difference impression to the piezo stack 36 is 
canceled, since it is energized rightward [ of drawing ] according to the spring force of a disk spring 38, a 
piston 35 can draw spool 25 near rightward. At this time, the hydraulic oil in the oil pressure room 17 
circulates like the broken-line arrow head in drawing, and is discharged in the discharge port 30 (returned to 
a drain tank 42), and an inlet valve 1 1 will be in a clausilium condition. 

[0023] Moreover, although illustration and its detailed explanation are omitted about the bulb drive of an 
exhaust valve 12, it has the same configuration as the bulb drive 20 of the inlet valve 1 1 mentioned above, 
and abbreviation, and it is opened and closed based on the control signal by the exhaust valve 12 mist beam 



[0024] Thus, the hydraulic control valve to which the oil hydraulic cylinder to which the bulb drive 20 of the 
gestalt of this operation drives an inlet valve 1 1 and an exhaust valve 12 by the plunger 16 and the oil 



ECU 50. 
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pressure room 1 7 is constituted, and is intermittent in the hydraulic pressure supply to this oil hydraulic 
cylinder is constituted by the hydraulic pump 41 and the directional control valve 23. And by using such a 
configuration, the closing motion stage of an inlet valve 1 1 and an exhaust valve 12 can be controlled freely, 
and the inhalation-of-air property and exhaust air property of an engine 1 can be changed. That is, the 
clausilium timing of an exhaust valve 12 and the valve-opening timing of an inlet valve 1 1 can be adjusted. 
[0025] In the gestalt of this operation, an adjustable valve timing device is constituted from a bulb drive 20, 
an exhaust valve clausilium control means and an inhalation-of-air valve-opening valve-control means are 
constituted from ECU50, and the operational status detection means consists of the coolant temperature 
sensor 51, a crank angle sensor 52, an accelerator opening sensor 53, and an atmospheric pressure sensor 54. 

[0026] Next, an operation of the control unit of the diesel power plant constituted in this way is explained. 
Drawing 5 is a timing diagram which shows lift actuation of the inlet valve 1 1 by the bulb drive 20, and an 
exhaust valve 12, and TDC shown on an axis of abscissa shows a piston top dead center. Moreover, the axis 
of ordinate of this drawing shows the amount of valve lifts. The broken line in drawing shows the valve 
timing at the time of inhalation of air and an exhaust air property (valve timing) when valve timing is fixed 
being shown, and a continuous line already shutting the exhaust valve 12 by use of the bulb drive 20, and 
making an inlet valve 11 ******. 

[0027] Namely, when valve timing is fixed, an exhaust valve 12 starts valve opening at the stage of before 
[ BDC ] 40-degreeCA extent, and closes it immediately after TDC. Moreover, an inlet valve 1 1 starts valve 
opening before TDC at an about 5-degree stage, and closes it after BDC at an about 40-degree stage. At this 
time, the exhaust valve 12 and the inlet valve 1 1 are overlapped in the predetermined period. On the other 
hand, when based on use of the bulb drive 20, while the clausilium stage of an exhaust valve 1 2 is changed 
into a tooth-lead-angle side only for a predetermined crank angle rather than TDC, the valve-opening stage 
of an inlet valve 1 1 is changed into a lag side only for a predetermined crank angle rather than TDC. 
[0028] In addition, although valve-lift actuation of the gestalt of this operation is realized by the hydraulic 
bulb drive 20, it carries out abbreviation coincidence at the profile of the cam action type which carries out 
lift actuation with rotation of a cam shaft. 

[0029] The processing (flow chart) which ECU50 performs is shown in drawing 4 . First, if an engine starts, 
ECU50 progresses to step 100 and is water temperature TW, a rotational frequency Ne, the accelerator 
opening Ac, and atmospheric pressure Pair. It inputs. And ECU50 calculates the amount of EGR(s) which 
becomes the the best for operation from the map data built in memory 50a based on the inputted signal in 
step 101. Then, ECU50 transposes this count result to valve timing, and carries out drive control of the bulb 
drive 20 at step 102. 

[0030] Henceforth, return and this are repeated to step 100. By the repeat of this processing, the exhaust 
valve 12 in this operation gestalt shown as a continuous line in drawing 5 will already shut, and ****** of 
an inlet valve 1 1 will be performed. Under the present circumstances, in this control, an inlet valve 1 1 is 
******(ed) more greatly than "it is already closing". [ of an exhaust valve 12 ] That is, in relation with the 
crank angle theta 2 for "******" of an inlet valve 11, theta2>thetal is satisfied to the crank angles thetal 
and TDC for "being already closing" of an exhaust valve 12 to TDC. 

[0031] Drawing 6 is what showed a part of valve timing outputted at step 102 of drawing 4 , and at the time 
of accelerator (at time of low loading) opening regularity, an exhaust valve 1 2 is already closed and is 
carried out, so that a rotational frequency is low, and it enables it to employ the effectiveness of EGR in the 
maximum efficiently. 

[0032] what showed a part of valve timing which outputs drawing 7 at step 102 of drawing 4 — it is — a 
rotational frequency « at the fixed time, the time when accelerator opening is smaller already closes an 
exhaust valve 12, and carries out it, and it enables it to employ the effectiveness of EGR in the maximum 
efficiently 

[0033] Drawing 8 is what showed the relation between an exhaust valve closing stage and an inhalation-of- 
air valve-opening time, and as shown in drawing, it is ******(ing) the inlet valve 1 1 greatly with a fixed 
rate. Next, the situation of the air current in the cylinder when performing this control is compared and 
explained. 

[0034] Drawing 9 shows the situation of an air flow in the cylinder at the time of the charging stroke in the 
conventional method which performs only control to which only the amount according to the operational 
status of a diesel power plant closes an exhaust valve at an early stage rather than TDC. 
[0035] Among drawing, a sign 60 shows an engine cylinder internal surface, and a sign 61 shows the 
residual gas produced in the cylinder (or thing for which an exhaust valve 12 and an inlet valve 1 1 are 
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overlapped) by already closing an exhaust valve 12 and carrying out it. In this drawing, by the charging 
stroke, since inhalation of air is rectified within a suction port 8 so that it may flow in the arrow-head Al 
direction from the time of inhalation initiation, the air current (swirl) of the longitudinal direction shown by 
LI is formed in a cylinder. Therefore, mixing with the residual gas in a cylinder and new mind does not 
progress, it ends like an inhalation-of-air line, with the shape of a layer made, and mixing does not progress 
in a compression stroke. From this, the shape of a layer has been made like residual gas Gl and the new 
mind G2 in the cavity 5 of drawing 10 also at the compression edge before fuel injection. 
[0036] When a fuel is injected and it burns in this condition, since there is little heat capacity of gas, in the 
part of the new mind G2, combustion temperature becomes high, and it is NOx. It will be generated. 
Moreover, in combustion in the part of residual gas Gl, since hypoxia arises, it becomes easy to discharge 
soot and NOx in the total of combustion and the discharge of soot cannot say that the effectiveness of 
residual gas of what may be reduced fully demonstrates. 

[0037] It is NOx by preventing discharge of soot by generally inlaying residual gas with high heat capacity 
into extent which does not start hypoxia, and stopping the maximum temperature at the time of combustion. 
Generation can be suppressed. 

[0038] Next, the situation in the cylinder at the time of control with this operation gestalt is shown in 
drawing 1 1 . First, in this control, a burnt gas remains in a cylinder by "exhaust valve ***♦**." in the 
charging stroke, in order [ concerned ] to already ****** an inlet valve 1 1 more greatly than the amount of 
closing, the inside of a cylinder has negative pressure at the moment of an inlet valve 1 1 being opened at the 
time of inhalation. Therefore, new mind flows rapidly in a cylinder at inhalation initiation and coincidence. 
Since a turbulent flow arises in a suction port 8 at this time, it does not become flow with the rectified fixed 
direction, but the flow A2 with the very quick rate of flow which went in all the directions from the 
clearance between inlet valves 1 1 , and A3 will be formed. The quick flow A2 in early stages of [ this ] 
inhalation and A3 reach an in-cylinder bottom side in an instant, and are diffused in the direction which 
showed the residual gas of an in-cylinder bottom side by L2, L3, and L4. If it applies in the second half from 
the middle stage of a charging stroke, when inhalation of air is rectified gradually and inhalation was ended, 
the same air flow (swirl) as usual is formed in a cylinder. Since residual gas has diffused the gas in a 
cylinder at this time in the first half of a charging stroke, as shown in drawing 12 , in a cavity 5, new mind is 
often being mixed with residual gas, and this condition is maintained also at a compression edge. 
[0039] As mentioned above, in this operation gestalt, mixing with EGR gas and new mind can be promoted, 
and it is NOx. The reduction effectiveness of PM can be improved. A particulate can be reduced by adopting 
this control compared with the case where valve timing is fixed, as shown in drawing 13 . 
[0040] Thus, the gestalt of this operation has the following description. 

(b) While only the amount according to the operational status of a diesel power plant closes an exhaust valve 
12 at an early stage rather than TDC Although an exhaust valve 12 already closes, is carried out rather than 
TDC and a burnt gas remains in a cylinder since the inlet valve 1 1 was late opened to TDC beyond the crank 
angle of an exhaust valve 12 that already closes and is carried out Since an inlet valve 1 1 opens late beyond 
this crank angle that already closes and is carried out, an inlet valve 1 1 is opened from the condition that the 
inside of a cylinder was temporarily made into negative pressure, and new mind flows rapidly at this time. 
Thereby, mixing of a burnt gas and new mind is promoted. Consequently, even when EGR is performed in 
large quantities, mixing with a burnt gas and new mind can be promoted, and it is much more NOx. 
Reduction of PM can be aimed at. 

[0041] Thus, NOx discharged from a diesel power plant In order to carry out coincidence reduction of the 
PM (particulate), in case internal-EGR control confirmed is performed, mixing with the residual gas in a 
cylinder and new mind is promoted, and good combustion is obtained at the time of extensive EGR, and it is 
much more NOx. And PM can be reduced. 

[0042] The effectiveness is large when it applies to the direct injection diesel power plant which injects a 
fuel in the open combustion chamber 7 especially formed between the cylinder head 6 and a piston 
crowning. 

[0043] In addition, although the case where it applied to a direct injection diesel power plant in old 
explanation was described, you may apply to the accessory cell type diesel power plant which injects a fuel 
to an accessory cell other than a main combustion chamber. 



[Translation done.] 
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[Drawing 7] 
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